A B S T R AC T Tracing the compositional process of two musically untrained college students, this close case study demonstrates their ability to produce archetypal tonal melodies, even when working initially within the constraints of tonally and metrically ambiguous melodic materials. The two students were representative of a sample of about 75 who participated in a new approach to music fundamentals supported by a novel, interactive computer music environment. Students' logs, including their composition sketches, decisionmaking, analysis of progressive modifications and completed compositions, serve as evidence and data for analysis. It is argued that, when students work at their own pace with immediate sound feedback, can modify given materials and have access to multiple representations at differing levels of detail, they are able to make explicit their intuitive criteria for compositional decision-making, as well as proposing an intuitive model of a 'sensible tune'. archetypes, experimental methodology, learning, music theory, musical intuitions, perception, structural functions 
Introduction
This article reports on a close case study of two musically untrained college students as they go about the task of composing melodies within the constraints of certain given materials. The two students, 1 who are the subjects in this natural experiment in music cognition and the development of musical understanding, are representative of some 75 students who have participated in a new approach to music fundamentals, supported by a novel interactive computer music environment. The students' logs trace their composition sketches, decision-making and analysis of progressive modifications. In this article, these logs, together with their completed compositions, serve as the data for analysis.
The data show that the students, taken as typical musically untrained adults, are able to produce coherent tonal melodies, even when given tonally and metrically ambiguous melodic materials with which to work. With the opportunity to work at their own pace -with immediate sound feedback from interim sketches, together with access to multiple representations at differing levels of detail -the students are also able to develop, to some extent, explicit criteria for their decision-making as they design-in-action.
I argue, in particular, that the students' decision-making processes and the resulting compositions embody the schemes Rosner and Meyer (1982) have called 'archetypes': [Archetypes] establish fundamental frameworks in terms of which culturally competent audiences . . . perceive, comprehend, and respond to works of art . . . Archetypes may play a significant role in shaping aesthetic experience and fostering cultural continuity in the absence of any conscious conceptualization about their existence, nature, or kinds. Rather, they may be and usually are internalized as habits of perception and cognition operating within a set of cultural constraints. (p. 318) While Rosner and Meyer demonstrate the validity of these claims by asking subjects to listen for instances of archetypal structures, in the cases discussed here, students actually generate these archetypes. Even when given unfamiliar (modal) materials with which to work, the musically untrained students shape the materials to conform to the archetypal features and relations we associate with the commonplaces of familiar folk and popular songs.
Analysis of the work of the two students complements but also raises questions concerning this growing body of research in cognition and perception. The vast majority of these experiments in the field have only involved perception, i.e. subjects are asked just to listen to carefully controlled, often very brief, stimuli and to make judgments along some predetermined rating scale. Paradigmatic of these earlier studies and probably most distant from the present naturalistic study are the so-called 'probe-tone' experiments where subjects listen to musical stimuli intended to establish a tonal context, and are then asked to make ranked judgments with regard to the 'fittedness' of selected 'probe tones' (Leman, 2000: 481) . While there have been a number of variations on this approach, the work of Krumhansl and her collaborators is paradigmatic of the model (Krumhansl and Kessler, 1982; Clarke and Krumhansl, 1990; Krumhansl, 1990) .
The work of Deliège et al. (1996) on 'real-time listening' and particularly the so-called 'puzzle' experiment (pp. 141ff) most closely resembles the study under discussion here. However, there are significant differences in results. The authors of the 'puzzle' experiment report that the data 'seemingly demonstrate that non-musician subjects possessed little capacity to produce coherent tonal structures ' (p. 143) . Moreover, 'The results appear to indicate that sensitivity to tonal-harmonic structure and function derives largely from formal musical training ' (p. 155) .
A question to be addressed, then, is this: in spite of the similarities between the two experiments, how can we account for the differences in results? There are a number of factors involved including the difference in materials. Nonmusician subjects in the 'puzzle' experiment were asked to listen to segments from a Schubert dance written for piano, which they had not previously heard. The task was to . . . recreate the most coherent piece possible within a given time using the 'kit' of [prepared] segments. Subjects built a piece simply by moving these icons so as to arrange them in a linear order . . . Subjects could listen to the segments and to their constructed 'piece' as often as they wished. (p. 141) The musically untrained students in our experiment were also given segments represented by icons on a computer screen and asked to make a coherent piece by arranging the icons in a linear order. However, the segments in the students' situation were taken from Ambrosian chant (in contrast to a full-textured piano piece) which they had not heard previously, but the task was simply to make a coherent melody, i.e. with no harmonic accompaniment. Further, the boundaries of segments chosen from the Schubert piece in some cases (e.g. segments 1 and 2) seemed (to this listener) to interrupt melodic grouping in favor of harmonic boundaries. Given a single melodic line, the segments in the students' experiment consisted of 5-8 melody notes specifically chosen to be consistent with structural melodic boundaries.
Equally important were differences in the working conditions in the two situations. In the students' experiment:
• the task was open-ended;
• participants worked at individual work stations in a computer music lab and in their own time;
• there were no time-constraints.
Further, working in the given computer environment, participants were encouraged to:
• make small changes in the pitch or duration of the segments if they felt it necessary in building coherence;
• listen critically and frequently to the results of their ongoing experiments;
• actively reflect on their strategies by keeping a running log of decisions and results;
• make use of multiple kinds and levels of representations that were made available.
The focus for the students, themselves, and also for the teacher/researcher, was on the evolution not the evaluation of the students' work. I argue that all of these components together provide a greater potential for deeply interrogating the mental strategies guiding working perception -the 'knowledgein-action' of musically untrained subjects (Schön, 1983: 59) .
The contrasting views of experimental research illuminate the tension between, on the one hand, researchers who strive in their experimental design and methodology for objectivity, including controlled environments (stimuli and choice of subjects), as well as consistent, statistical measures as units of analysis; and, on the other hand, researchers whose experimental environments are designed to be exploratory and to enhance the potential for close naturalistic observation and probing analysis of generative behavior.
(See Auhagen and Vos, 2000, for a view of this tension with respect to 'tonality induction', in particular.) In the Introduction to Vygotsky's Mind in Society (1978) , the editors (Michael Cole et al.) describe this contrast more generally:
. . . the purpose of an experiment as conventionally presented is to determine the conditions controlling behavior. Quantification of responses provides the basis for comparison across experiments and for drawing inferences about cause-and-effect relationships.
For Vygotsky, the object of experimentation is quite different . . . Vygotsky believed that . . . to serve as an effective means . . . the experiment must provide maximum opportunity for the subject to engage in a variety of activities that can be observed, not just rigidly controlled. (pp. 11-12) But rather than pitting one approach against the other, it is more interesting to assume that knowledge gained in each situation is useful and then to think about the possible meanings of 'rigor' and 'relevance' in both types of experimental design. In the light of such reflections, differences in the nature of evidence and of results that accrue can be more productively and practically understood.
The task, the environment and the materials
The two students, whose work is followed in detail in this article, are typical of those undergraduates at Massachusetts Institute of Technology (MIT) who elect to take the elementary music fundamentals course to satisfy a portion of the humanities/arts requirement for graduation. In classes of 12 to 15 students, the majority are majoring in a science or engineering subject, most have had no formal music background, while one or two play some instrument a little (usually self-taught guitar). The classes, which meet for 3 hours per week for about 12 weeks each semester, typically include a few 1st-year, mostly 2nd-and 3rd-year, and a few 4th-year students. Over the past 3 years, the students' work has been facilitated by the text, Developing Musical Intuitions, and its accompanying computer environment, Impromptu (Bamberger, 2000) .
The composition project, which is the primary focus here, is usually assigned in the 3rd week of the semester. A previous introductory project involves students in simply reconstructing given tunes (some familiar, some unfamiliar) using as their 'units of work' melodic segments we call 'tuneblocks'. Figure 1 shows an abbreviated version of Impromptu's computer screen for reconstructing the tune, 'Did You Ever See a Lassie', one of some 20 tunes included in the tuneblocks catalog with which students can work. New sets of tuneblocks are easily made.
Each of the patterned icons in the TUNEBLOCKS area, when clicked, plays one of three brief and structurally salient motives ('tuneblocks') needed to reconstruct the tune. The patterns on the tuneblocks icons are simply neutral designs with no reference to the melodic shapes. The intention is to focus the students' attention on listening rather than looking. The tuneblock labeled LASS in the TUNEBLOCKS area of the screen plays the complete tune, 'Lassie'.
For those unfamiliar with the tune, 'Lassie', the score and the tuneblocks are shown in Figure 2 .
To reconstruct the tune, students listen as often as they like to the whole tune and to the tuneblocks, individually. Then, dragging blocks into the PLAYROOM area, they experiment with arranging them and listening back to the results as they search for the order of occurrence that plays the complete tune. Pressing the space bar causes the synthesizer to play the blocks currently in the PLAYROOM while the GRAPHICS Window at the bottom of the screen shows a 'pitch contour' representation for these blocksan easily accessible rough sketch of melodic shape. The PLAYROOM area in Nearly all students (including children as young as 6 years of age) are able to complete this task. This seems strong evidence that these structurally meaningful elements (tuneblocks) are intuitive units of perception. The process of reconstructing a tune is one of 'constructive analysis'. That is, the students make and hear the structure of a tune gradually emerging. When reconstruction is complete, the result is mappable onto a conventional schematic, e.g. a b a c, shown in Figure 3 .
To help students reflect on their work, an 'Explorations' section in the text points out certain common organizing principles found in the reconstructed tunes. These include antecedent-consequent phrase relations (as in the beginning of 'Lassie'), repetition, return, sequence and structural hierarchies. Hierarchies are represented in several ways, including 'structural trees' such as the one shown in Figure 4 . Students were reminded of these analyses as they went on to compose their own tunes in the next project.
Composing original tunes with tuneblocks
In this second project, the one with which this article is primarily concerned, students work within the same computer environment but now using a set of unfamiliar tuneblocks as the material constraints with which to compose their own original melodies. A critical part of both projects is asking students to reflect on and keep a log of the process as an integral part of the process itself. Thus, there are two rounds of investigation here: in the first round, the students' reflections constitute research into their own intuitive understanding; the second round involves meta-investigations into the results of the students' personal research. The students' working process and their papers follow instructions given in the text. Therefore, to provide the reader with relevant background, an abbreviated version of these instructions follows:
Instructions Using a set of unfamiliar tuneblocks, make a tune of your own that makes sense and that you like. There is no given tune to match; there is no right answer. Consider the following questions as you listen to and experiment with the blocks:
• What are the specific features and relations that differentiate one block from another? • What are the musical features that seem to generate the possible structural function of each block (beginning, ending, middle, etc.)? • Which blocks seem to go well together and why? Why do you dislike a particular sequence of blocks? What did you do to fix it, and why is the new sequence better?
Make a description of the structure of your completed tune including the functional relations among the blocks, e.g. antecedent-consequent relations, repetition, return, etc. Also describe how you group tuneblocks to form bigger blocks (phrases and sections). Be sure to keep a log of your progress and try to account for the decisions you make along the way. (Bamberger, 2000: 26-7) The sets of blocks with which the students composed tunes early in this composition project were in the familiar tonal style of common folk songs. The set with which the students are concerned here were modal blocks actually taken from an Ambrosian chant. Students were not told that blocks were taken from an existing melody.
These materials and a subsequent atonal set were specifically chosen because it was expected that the students would hear them as 'strange'. With this in mind, students were given the following questions as a basis for reflecting on their response to this material.
• In what ways are the features (e.g. rhythm, pitch relations) of these blocks different from the others you worked with?
• What can these differences tell you about the kinds of relations that you are used to and that you have come to take for granted as generating coherence in the tunes you find 'ordinary'? (Bamberger, 2000: 29) As the papers will show, it was critically important that students were encouraged to make small changes in the given blocks. They did so by using the Edit Window to open up the blocks and look at their 'contents' (see Figure  5 ). Specifically, students were told:
If you find that a block just doesn't work for you, you can experiment with changing some of its pitches and/or durations to make it work better. But if you do make changes, keep track of the changes in your log. In your paper, try to say what you didn't like about the original block and how your changes improved it.
Opening the Edit Window for Block 1, notice the two lists of numbers, one labeled P, for pitches; the other labeled D, for durations. A good way to explore the meaning of these numbers is to listen to what happens if you change them. (Bamberger, 2000: 30-1) The analysis that follows focuses particularly on the features that emerge during the evolution of the students' work. The analysis is intended as an example of 'thick description' in exploring phenomenologically dense and provocative data. Thomas Kuhn, in his book, The Essential Tension (1977) , comments on this direction of research in an essay titled, 'The Function of Measurement in Modern Physical Science':
. . . much qualitative research, both empirical and theoretical, is normally prerequisite to fruitful quantification of a given research field. In the absence of such prior work, the methodological directive, 'go ye forth and measure,' may well prove only an invitation to waste time. (p. 213) Following Kuhn, the mode of empirical qualitative research pursued here is intended to raise questions that are relevant to research in music cognition and also to re-thinking curriculum, particularly in the elementary music fundamentals classroom (see also, Bamberger, 1996) .
The student papers
The first paper is by a student I call Linz. Linz was a 4th-year student with no formal music background, majoring in biology. The second paper is by a 1st-year student I call Keven, a computer science major. Keven played drums in the school band, knew how to read drum notation, but 'not notes', i.e. he had no experience of playing melodies or reading pitch notation. Figure 6 shows the Ambrosian blocks, along with the graphic (pitch contour) and notated versions of each.
The representations students actually saw were the icons for the Ambrosian tuneblocks along with pitch contour graphics for icons that they had placed in the PLAYROOM. So that students could refer to the blocks in their papers, the blocks were given number names, 1-5, according to the order in which they appear in the TUNEBLOCKS area. Staff notation has been added for the reader's convenience.
The Impromptu screen for working with the Ambrosian blocks is shown in Figure 7 .
The students' papers are presented here with only minimal edits so that readers can follow the evolution of the students' reflections as their musical intuitions gradually emerge. The students' papers and the evolving tunes have been divided into a series of developing 'sketches', using as boundary
The Ambrosian blocks. 
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criteria moments when a student shifts direction or focus of attention, or when a particular problem becomes an extended source of development. Analytic comments are inserted between successive sketches.
LINZ'S PAPER
First impressions
Listening to each of the blocks once and then going through each of them a second time, I noticed how Blocks 1 and 5 began with the same three notesperhaps they could make a combination together. I also noticed that, of the five blocks, only Block 3 seemed to make a suitable ending. Therefore, I tentatively called Block 3 my ending block. Block 5 seemed to make a good beginning.
I noticed how all the blocks shared the same tempo -I mean, the duration between each of the notes was equal. This actually made the song seem very monotonous and boring.
This feeling of monotony was strengthened after looking at the pitch contour where I saw that none of the blocks seemed to have any large jumps down or up. This gave the feeling that the tune sort of hovered around one note and the constant stepwise movement left my ears wanting some excitement and actually needing to hear jumps to widely spaced-apart pitches.
Comments
Right from the outset, Linz associates specific features of the blocks with certain feelings -for example, equal durations with 'monotonous' and stepwise movement with 'wanting some excitement'. These initial associations guide Linz to emergent design criteria: variation in rhythm and in pitch contour are going to be necessary for a tune that she likes and that will make sense. Linz tentatively assigns an ending function only to Block 3. From this we can assume that she is hearing pitch C, with which Block 3 ends, as the most stable pitch, i.e. a quasi 'tonic'. However, Linz later develops additional criteria necessary for generating a convincing ending for her melody (see Sketches 7-9).
Sketches 1 and 2: beginnings
I decided to start with the combination of Block 5 going to Block 1.
I liked the sound of Block 5 as a beginning because to my ears, the sense of starting something is best portrayed with a block which seems to go in different directions -up and down.
However, I also noticed that Block 1 sounded like it wanted to go somewhere but was stopped abruptly halfway there -a sort of question that needed an answer. To utilize this potential call and answer format, I placed Block 1 before Block 5. I repeated Block 1 because the repetition seemed to give it more of a sense of a half-finished idea.
Comments
Linz shows an unusual ability to shift her focus among modes of attention and this has a reciprocal effect: a perceived potential structural function, 'beginning', leads to noticing particular features, 'wide range'. In turn, specific kinds of features suggest potential structural functions: for instance, of Block 1 she says, 'repetition . . . gives a sense of a half-finished idea'. As criteria for a 'sensible tune' begin to emerge, Linz critiques her initial decisions: the 'question' features of Block 1 win over the 'up and down' features of Block 5 for an effective beginning.
Sketch 3: first modifications
At this point I wanted to break up the monotony of the tempo, so I decided to modify Block 1 so that the fifth note was held for the same amount of time as the first four notes combined.
Immediately, this changed the character of the piece and placed an emphasis on the first note and fifth note of the block.The long holding of the note also added Bamberger: Intuitive musical understanding 17
Sketch 2 F I G U R E 10 Editing Block 1.
to the anticipation I had of hearing something else. Now I felt there should be something that answered the call of the repeated blocks. Block 5 was a very good start because it began the same as Block 1 but instead of stopping halfway through, it continued forward and seemed to finally get somewhere.
Comments
Recall that Linz has no experience with music notation or with the specific meaning of Impromptu numbers, yet she chooses to lengthen the last note of Block 1 by an amount proportional to the other notes in the block, i.e. by 'the same amount of time as the first four notes combined'. While her purpose was simply to break up 'the monotony of the tempo', the proportional extension of the last note of Block 1 results in actually transforming the metric structure. An unfamiliar 5-beat metre becomes a familiar duple metre which she succinctly describes as: 'an emphasis on the first note and fifth note of the block'. Not surprisingly, the transformation to a familiar metre, 'immediately changed the character of the piece'.
Adding Block 5, attentive also to motion and more global structural functions, Linz hears that the extended and elaborated Block 5 'continued forward and seemed to finally get somewhere'.
Sketches 4 and 5: looking ahead
Next, I tried to find the continuation of the answer. I didn't like the way Block 3 sounded because it felt too much like the ending of the piece and I didn't feel that my song could finish there because there had been no development yet.
18
Psychology of Music 31(1) I decided to keep Block 2 after Block 5. Block 5 seemed to naturally divide into groups of four notes with the strong beat being on the 1st and 5th notes, so to keep with this trend, I modified Block 2 so that the final note would be the same duration as the first four notes combined.
I was starting to get an idea of how I wanted the form of my piece to be. Block 1a is introduced as the start of something that we haven't figured out yet. It gets repeated again but it doesn't really get any further. Finally, with the addition of Block 5, we get the movement of the piece into an actual idea. However, we throw in a second block which doesn't quite finish off the idea (Block 2a). If we play Block 5 again, we can see that we have an antecedent consequent phrase that needs to be completed.
Comments
Alert now to the question of when a piece sounds finished, Linz reasons that it is too soon to end because 'there had been no development yet'. Pausing to reflect on the large design of her song, Linz shifts from narrative mode, where she represents her emerging song as if it were an unfolding story plot or perhaps a logical argument ('something that we haven't figured out yet . . .
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Sketch 4
Sketch 5 F I G U R E 13 'There had been no development yet'.
F I G U R E 14 Modified Block 2 (Sketch 4).
F I G U R E 15 ' An antecedent-consequent phrase that needs to be completed' (Sketch 5).
Block 1a Block 1a
Block 5 Block 2a
(To be completed) the movement of the piece into an actual idea') to the logic of musical functions: 'we have an antecedent-consequent phrase that needs to be completed'. 2
Sketch 6: a generative problem
The final thing to do was complete the antecedent consequent phrase using the final two blocks (Blocks 3 and 4). I still heard Block 3 as the only block I could use as an ending so I placed it at the end and put Block 4 before it. I didn't like having the note that is shared between Blocks 4 and 3 being repeated because it was like a stop in the motion of the piece.
Comments
Moving from detail to larger design, Linz identifies a problem: the repeated notes form a 'stop in the motion of the piece'. Her effort to solve that problem becomes the generative force driving the whole series of modifications that follow.
Sketches 7, 8 and final tune: evolving solutions
I switched Blocks 2 and 4 (again modifying Block 4) but still had the problem of that same note being played three times.
I tried repeating Block 2 so that it would have more motion preceding the repeated note but this made the song seem boring. Next, I deleted the fifth note of Block 2 (making a new Block, 2aa), and repeated it so that there would be a constant upward and then downward stepwise progression of notes without any repetition in the middle.
I didn't like how the notes (5 2aa 2aa 3) were played with exactly the same duration. In order to keep the music going forward . . . I kept the repetition but changed the block so that the first two notes get played twice and 'twice' as quick (Block 2b).
With 2aa 2b, I had the sense that just as I was about to get bored with the rhythm, there was a sudden quickening of the tempo that pushes the song forward to the end. In addition, I extended the last note of Block 3 so that it would make a more convincing ending.
Final tune
The single letter 'a' denotes where I changed the rhythm so that the duration of the last note was longer.
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Sketch 8
F I G U R E 18 Repeated Block 2aa: 'upward and downward progression . . . without repetition' (Sketch 8).
F I G U R E 19 'First two notes get played twice and "twice" as quick' (Sketch 9).
F I G U R E 20 'Pushes song forward to the end'.
Block 1a Block 1a Block 5 Block 4a
Contents of Block 2aa "...played twice as quick"
Analysis
The structural hierarchy: there is a brief introduction followed by the antecedent phrase and a consequent phrase. The consequent phrase is longer than the antecedent phrase and made up of more blocks.
Final comments
Between Sketch 6 and the Final Song, Linz goes through a series of transforming modifications, all of them directed towards solving the problem she identified on listening to Sketch 6, thus keeping the motion of the piece going forward to the end. It is notable that Linz has not deviated from her initial identification of Block 3 as the only one with which her song could end. The thrust of this 22 Psychology of Music 31(1)
final series of modifications is her search for a way to make that ending a convincing one -a convincing outcome of what she has already made. As Schoenberg (1975) comments:
Even in the relatively simple forms, those most nearly related to the fundamental tones . . . tonality does not appear automatically, of itself, but requires the application of a number of artistic means to achieve its end unequivocally and convincingly. (p. 274)
Linz's problem-solving is particularly characterized by her quick shifts from one mode and one kind of representation to another, resulting in a gradually evolving and expanding 'repertoire of possibles' with respect to creating coherence. It is in this process that Linz makes tangible and explicit her emergent intuitive criteria for 'a tune that makes sense'. Table 1 summarizes the series of modifications in Sketches 6-8. The table includes the identified problem, the actions Linz takes, and the purpose of these actions towards a solution of the problem she has set.
The emergent features of Linz's final tune include the following basic characteristics of tonal melodies:
• clearly articulated and (mostly) balanced phrases;
• consistent (duple) metre;
• resolution to a tonic cadence;
• antecedent/consequent phrases. Beyond these basics, her work also includes attention to larger scale relationships:
• detail as means towards larger design;
• goal-directed motion;
• motivic development;
• rhythmic contrast.
Linz's effective use of multiple means of generating coherence and multiple modes of representation calls to mind Marvin Minsky's (1986) comments on the importance of multiple representations:
A thing with just one meaning has scarcely any meaning at all. That's why it's almost always wrong to seek the 'real meaning' of anything.
Rich meaning-networks, however, give you many different ways to go: if you can't solve a problem one way, you can try another. True, too many indiscriminate connections will turn your mind to mush. But well-connected meaning structures let you turn ideas around in your mind, to consider alternatives and envision things from many perspectives until you find one that works. And that's what we mean by thinking! (p. 64)
KEVEN'S PAPER
First impressions
1(a) The process
OK, so when these blocks were described as weird, you weren't joking. Ambrosian was a lot harder to make sense of, and I was thankful that I could modify the blocks.
One of the first things I noticed was that making balanced sections is going to be difficult. I also realized I hadn't found any sections that sounded like a good ending.The note that I felt should be the tonic was not found at the end of any of the blocks.
Block 4 felt a bit like an ending, so I decided to work with it to find out why. I discovered that the 3rd note was actually what I thought the tonic should be, but instead of coming back to it, it stayed up a step, which sounded horrible. Based on this, I modified Block 4 to make Block 6, which returned to the tonic. Here's my I also observed that there was no rhythmic variation whatsoever. I suspected that this would make separation of sections difficult.
Comments
Unlike Linz, Keven uses 'measure', 'group' and 'section' interchangeably to refer to a phrase, but never actually uses the term 'phrase'. Further, Keven makes 'balance' a priority right from the outset. Similar to antecedentconsequent, 'balance' was defined and exemplified in the text and in the recorded compositions in the previous project.
Even before beginning to compose, Keven notices that the given materials are going to be problematic. For example, he comments, first, that to make 'balanced sections' is going to be a problem since the given blocks differ in number of beats; second, he fails to find a 'section' that sounds 'like a good ending'; and third, the need for 'separation of sections' is a problem because there is 'no rhythmic variation'.
The issue of finding a good ending block presents an interesting musical puzzle. Notice that Keven does hear a possible tonic (C) in the middle of Block 4. To use this found tonic, Keven modifies Block 4 to return to the C, thus creating an ending block that he finds satisfactory. But why, then, does he reject Block 3 since it, too, ends with the designated tonic, C?
This seems a clear example of the influence of situation or context. Consider, for example, the difference in situation generated, even on such a small scale, by Blocks 3 and 4:
Within Block 3, the C is preceded by a falling perfect 4th (D4-A3), directly approached by a rising minor third (A3-C4), and with no leading tone. By convention, this context only weakly generates C as a tonic. In contrast, the C in the middle of Block 4, which Keven does hear as a tonic, is approached stepwise from above, E-D-C, an archetypal tonic-generating gesture -i.e. by convention heard and labeled as scale degrees 3-2-1.
Further, Keven comments that Block 4 'instead of coming back to [the C] . . . stayed up a step, which sounded horrible'. Keven's strong response could be accounted for as his intuitive hearing of an unfulfilled implicative relationship:
An implicative relationship is one in which an event -be it a motive, a phrase, and so on -is patterned in such a way that reasonable inferences can be made both about its connections with the preceding events and about how the event itself might be continued and perhaps reach closure and stability. (Meyer, 1973: 110) Bamberger: Intuitive musical understanding 25 F I G U R E 24 Situation and function.
Block 3 Block 4
Following this view, Keven's modification of Block 4, the return to C, satisfies the implication of the previous gesture -E-D-C -and also satisfies his tacit criterion for an ending block. Moreover, Keven's hearings of Blocks 3 and 4, which initially seemed inconsistent with one another, now become not only reasonable but also evidence for his strategic know-how -what Schön (1983) has called 'knowing-in-action'.
Sketches 1-3
I decided to start with Blocks 5 and 2 because there was similarity between them. Each had an 'arched' section that went up two notes then down two notes. Since 5 had its arch at the end and 2 was only the arch, I put 5 first.This puts the arches closer together and made the sequence more obvious.
However, this arrangement felt very unresolved, so I put my newly created Block 6 ending after the 5, and it felt like a nice closing. However, I still wanted to use the sequence I first created, so I put them together: 5-2 5-6. This sounded ok at first, but the second time I listened to it, I realized I didn't like the way the two parts ran together. As I had anticipated, there was no separation between the antecedent phrase and the consequent phrase. I fixed this by making Block 7, which was just Block 2 modified so that the last note was a half note instead of a quarter note.
To keep things balanced, I modified Block 6 so it also had a half note at the end.
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Psychology of Music 31(1) F I G U R E 25 'Each had an arched form' (Sketch 1).
Sketch 1 Sketch 2 F I G U R E 26 ' A nice closing' (Sketch 2).
F I G U R E 27 Block 7, 'half note instead of quarter note'.
Comments on Sketches 1-3
Both Linz and Keven use 'similarity' as a basis for coupling blocks at the beginning of their tunes. However, their similarity criteria are significantly different: Linz is hearing a similarity ('Blocks 1 and 5 began with the same three notes'), while Keven is most likely seeing a visual similarity ('Each had an "arched" section'). Indeed, the functional relationships among the pitches of the 'arches' in Blocks 5 and 2, including intervals, accents and implied harmonic functions, suggest that Keven's attention to visual appearance leads him to spuriously label the 'arched shapes' a 'sequence'. (For an incisive discussion of the prevalent mismatch between visually seen transformations versus musically heard transformations among beginning music students, see Narmour, 2000: 376-83.) In Sketch 3, Keven encounters and resolves an anticipated design constraint -a 'separation' problem. Extending the last note of Block 2, he solves the 'separation' problem, and extending the last note of Block 6 he satisfies the priority he has put on 'balance', as well.
At this point I wondered whether there would be a simple way to modify the other blocks so that the balancing would be easier. The first half of my piece (part A) had 14 beats per group. I would like to try maintaining the 14 beat grouping throughout. I would likely have to leave Block 5 out of part B because it dominated part A. That left me with only 5 beat blocks. I'd also have to have an extended block like 6 or 7 to gain separation. That left me with 8 beats to fill. I thought about trying to stretch one of the blocks, but decided to just chop 2 notes off of one of the blocks and combine it with a 5-beat block, instead.
Playing around, I discovered that Block 2 could make a good beginning, too, so I used it with this different function. Block 1 sounded good after it, except for the last bit that sounded too much like the end of Block 2 again. Since I was looking for a block to cut anyway, I created Block 8 by cutting the last 2 notes out of Block 1. Next I needed a way to end this 14-beat 'measure'. I had Blocks 2 and 8, so I was looking for a 6-beat block to fill it out. I didn't like 6 so I went with 7 again.
Comments on Sketch 4
Still focused on 'balancing', and once again looking ahead, Keven proposes three design constraints specific to the current situation before going on:
1. maintain the 14-beat grouping; 2. leave out block 5 -it dominated Part A; 3. have an extended block to gain separation.
Having made a plan, Keven feels free to begin 'playing around' -i.e. he returns to experimenting, listening and working by ear. Block 2 can serve as both a beginning as well as an ending; Block 1 conveniently fits his plan for a needed 3-beat block -a perfect candidate to 'chop 2 notes off of '; adding a beat to Block 7 works to meet his primary constraint -he has another 14-beat phrase.
Evolving solutions and the final tune
I was then looking for a way to end the piece. Repeating the previous measure with antecedent-consequent sounded like it could work. It was a little odd having 2 right after 7 since they are essentially the same measure, but since they were serving different functions, it was OK. I still had Block 3 yet, which I didn't really like the sound of at all. While it did end on the tonic, I didn't like the way it repeated it twice. It sounded like it would be better if the 4th note was up a little so it could come down to the tonic. However, when I tried it, it didn't sound as good as it did when I sang it to myself. I discovered that I had subconsciously raised the 3rd note as well, and with that modification, it finally started to sound like something! Moving the second note up as well made it a little bit better, too. In addition to moving the 3 middle notes up one step, I also made the last note twice as long, as I had with the other 6-beat blocks. Thus, my final Block 9 was: Much of my motivation was derived from concern for balanced sections. I recognized initially that I was going to have to modify the length of some blocks in order to make a coherent piece. I would also need to modify the length of some notes in order to break the monotony of straight quarter notes. Looking over the structure of the piece, familiar patterns are visible. AA' and BB' both form antecedent-consequent pairs.There is a lot of repetition of the motif in Block 2/7 which helps tie the whole piece together. There is a sequence with Block 7 and the end of Block 5.
Final comments
After proposing another 'antecedent-consequent', Keven leaves behind his anticipatory calculating and takes off to explore in search of a block to function as an ending. But there is a surprising change here. Recall that while Keven initially heard a tonic (C) in the middle of Block 4 and modified the block so as to end it on that tonic, he did not hear the C with which Block 3 ends as also a tonic. Now, after working with the blocks, listening to them in new situations, but apparently without noticing the change, Block 3 becomes a possible ending block, as it was for Linz from the beginning. However, while Keven is satisfied that Block 3 ends with the tonic, that is not sufficient in itself to make an acceptable ending. And once more, as with Linz, it is repetition that is a problem: 'I didn't like the way it repeated it [the tonic] twice'. The need for closure triggers a whole series of modifications, but with quite different strategies and quite different results as compared with Linz. In search of a satisfying close, Keven entirely abandons his pre-planning lists of constraints. Improvising, singing to himself, 'subconsciously' experimenting, he tests and reflects on the results. Through this process, one-by-one he 'pushes' all but the first and last pitches of Block 3 up one step, with each 'push' a response to the newly created implications for continuation of the previous change. Of particular significance is Keven's response to the modification that brings in the missing leading tone: 'it finally started to sound like something!' (Figure 37 ). This response is evidence that Keven clearly recognizes he has stumbled upon something useful to his quest. The whole process seems a remarkable example of a series of intuitively guided choices that result in the transformation of a modal motive that Keven heard initially as not even ending with a tonic, into a typical tonal cadential figure. Indeed, Keven has created a motive that is close to one of Rosner and Meyer's (1982) archetypes -a 'changing note melody'.
A changing note melody is one in which the main structural tones of the pattern consist of the tonic (1), the seventh or leading tone of the scale (7), the second degree of the scale (2), and then the tonic again. (Rosner and Meyer, 1982: 325) To complete this series of improvised modifications, Keven returns to his by now familiar turn -assuring balance: making 'the last note twice as long', the 5-beat block becomes a 6-beat block, and he has 14 beats in all. These modifications could be seen as similar in goal to the single modification Keven made to Block 4, but in reverse. That is, in modifying Block 4, Keven was looking for an appropriate continuation for what was already implied, i.e. a return to the implied tonic. Now the problem Keven solves is to build up implication so that the final closure is a satisfying one.
Reflecting back on his process and his final tune, Keven searches for the means he has found useful to the task of making a 'coherent piece'. Keven's expressed criteria, together with his improvised modifications in achieving them, make clear that his knowledge-in-action includes an intuitive feel for making the pitch relations that convincingly create the particular coherence he is seeking. While Keven's strategies and procedures differ from those of Linz, primarily in the degree to which Keven tends to plan ahead in making his design constraints, their final tunes share many of the basic features that characterize tonal melodies. The following are the primary emergent features of Keven's tune:
• balanced phrases;
• clearly articulated phrase boundaries;
• hierarchical structure (motive, phrase, section); F I G U R E 38 'Second note up made it a little bit better, too'.
• clearly defined structural functions including:
• antecedent-consequent phrase relationships • realization of implications for continuation • development (motivic repetition and variation) • motion towards closure and an archtypical tonal cadence.
As Schön (1983) observes: When we go about the spontaneous, intuitive performance of the actions of everyday life, we show ourselves to be knowledgeable in a special way. Often we cannot say what it is that we know. When we try to describe it we find ourselves at a loss, or we produce descriptions that are obviously inappropriate. Our knowing is ordinarily tacit, implicit in our patterns of action and in our feel for the stuff with which we are dealing. It seems right to say that our knowledge is in our actions. (pp. 49-50) 
Conclusions
SUMMARY OF IMPLICIT AND EXPLICIT CRITERIA FOR A 'SENSIBLE TUNE'
Results of the two close case studies indicate that, as anticipated in the Introduction, both students were able to shape tonally and metrically ambiguous melodic materials so as to produce coherently structured tonal melodies. Further, the students were able to develop, to some extent, explicit criteria for their decision-making. However, despite the following similarities in features and relations embodied by the two students' melodies, their strategies and their priorities clearly differ.
Balanced phrases
Keven gives precedence to balanced phrases, making it an explicit constraint right from the outset. Linz does not explicitly state 'balance' as a desired feature, but she implicitly does so by successfully making each of her inner phrases the same (8 beats) in total time.
Articulation of phrase boundaries
Again, Keven is explicit about the articulation of phrase boundaries when he notices that lack of rhythmic variation will make the 'separation of sections' difficult. Linz is not as explicit but, also bothered by the unvaried rhythm, she proportionally lengthens the last notes of all the 5-beat blocks and in doing so also clearly articulates their boundaries.
Metre
As for metre, Linz's proportional lengthening of phrases results in unambiguously generating duple metre. Keven does not explicitly speak of accents or of metric considerations, but being insistent on balanced phrases, he does, in this sense, make a 14-beat metric. The melody may also be heard in 2/4, in which case there are 4 phrases, all 7 measures long and grouped (irregularly) as 4+3 bars (14 beats). I find the latter proposal less satisfactory especially because, given the other features, the 7-bar phrases feel somewhat 'tipsy'.
TONALITY AND STRUCTURAL FUNCTIONS
With respect to tonality, both students leave no doubt that they are able to hear, to make, and appropriately to use a tonal center along with other structural functions in relation to it. However, once again the students differ with respect to how they go about satisfying these criteria and to the specific features that they accept as meeting their demands.
Most powerful with regard to context, function and higher-level melodic grouping structure is the quest by both students in the ending phase for a sense of progressive movement towards a stable goal. For Linz, her aim to define and solve this problem is explicit. Through a series of cumulating, primarily rhythmic modifications, the block chosen for her ending (Block 3), despite its weakly defined tonic, successfully functions to achieve a stable resolution. Keven, in contrast, does not initially hear Block 3 ending on the tonic at all. However, once he does, he focuses on his dissatisfaction with the pitch relations within the block. Incrementally changing one pitch at a time, he recognizes the power of the leading tone when he hears it and, by using it, creates an archetypal tonal cadence.
It is important to emphasize that the characteristics I attribute to the students' tunes are interpretations, made after-the-fact and after-the-acts, and only then couched in music-theoretic terms. The students' own criteria were emergent, evolving primarily as actions or reactions in the process of designing, improvising and building their melodies.
It is interesting in retrospect to compare evidence from the students' work, particularly in the last series of modifications, with the formal 'probe-tone' experiments of Krumhansl and others. In contrast to the predesigned but often rather musically impoverished context-creating stimuli with which these formal experiments begin, students in the informal composition situation demonstrate their perception of tonality as a structural function within self-generated contexts. In particular, the perception of tonality is embedded in efforts to satisfy situated structural implications -a feel for the tension of moving forward towards the stability of arrival. Hasty's (1997) remarks in relation to the importance of situation as a function of musical process effectively captures this sense of evolution and emergence. He says 'a piece of music or any of its parts . . . while it is going on, is open, indeterminate, and in the process of becoming a piece of music or a part of that piece (p. 3).
Evidence from analysis in this natural experiment also helps to account for the differences in results as compared with those of subjects in the Deliège et al. (1996) experiment who 'seemingly demonstrate that nonmusician subjects possessed little capacity to produce coherent tonal structures' (p. 144ff). As argued earlier, the evidence now makes it clear that if musically untrained students are given time, an environment that encourages reflection and the opportunity to evolve critiera as they 'play with' given material, they are indeed able to produce coherent melodic (at least) tonal structures.
EDUCATIONAL IMPLICATIONS
If a general pedagogical approach emerges from this study, it rests on the finding that the basic characteristics of tonal structure are already part of musically untrained students' intuitive knowledge-in-action. Thus, a curriculum for elementary music fundamentals classes should recognize, build on and help students develop these intuitions in at least the following ways:
• first, give students 'units of work' that are consistent with their intuitive 'units of perception' -aggregated, structurally meaningful entities such as motives, figures and phrases;
• second, provide a working environment such that materials are easily manipulated at mutiple levels of structure -for instance, at the aggregate motive level, and also easily modified at the more detailed level of their pitch and duration 'contents';
• third, encourage compositional, action-based projects that necessarily direct students' attention to context and within contexts to structural functions;
• fourth, give students easy access to a variety of representations that include: multiple sensory modalities, multiple graphics and multiple levels of musical structure;
• fifth, encourage students to invoke strategies that will help make their intuitive knowledge explicit, e.g. listening critically, designing, improvising/ experimenting and reflecting on decision-making criteria, along with trying to account for results. The advocated approach is noticeably different from that assumed in more conventional music fundamentals texts. These differences are well described by Granados (2001) in the distinction he makes between 'problem space' and 'design space' in relation to educational strategies more generally (Granados, 2001: 504-5) .
'Problem space' (as Granados uses it) best characterizes exercises at the beginning of traditional music fundamentals classes where there is a 'welldefined problem' and an unambiguous solution. 'Design space' describes a process of defining and re-defining problems as an inherent part of ongoing work. Instead of being given a priori names for elements, and specific strategies for finding problem solutions, students progressively notice new elements as these emerge with each new modification (for more on this approach, see Bamberger, 1991/5) .
Later, when students are introduced to conventional notations and theoretical units of analysis, these traditional basics serve as a source of answers to questions that students have put to themselves in their previous reflective conversations back and forth with their materials. The fundamentals thus become a necessary framework within which students more fully describe and account for their own initially tacit and intuitive perceptions of musical coherence. Going forward from here, the foundation has now been laid for students to learn to hear and appreciate more complex, less immediately accessible compositions as their abilities for inquiry and acquisitiveness grow and deepen. Rather than giving up their intuitions, students are learning how to understand them better and then build on them.
N O T E S 1. The two students featured in this article were chosen because their papers were more complete and more clearly written than some others, not because the content was particularly exceptional. 2. Linz has taken the term, 'antecedent-consequent phrase', from the previous tune building project where it was defined and examples given (Bamberger, 2000: 25) . Linz recognizes a potential instance of the type and with it the possibility of actually making one.
